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The installation of calming measures on a road network is systematically planned way in
general to reduce driving speeds, but also reduces the volume of through traffic on local
and residential streets. When the demands of traffic calming exceed city resources, there is
a need to prioritize or rank them. Asian countries, like Japan, Korea, Bangladesh and etc.,
do not have a prioritization system to apply in such cases. The objective of this research is
to develop a point ranking system to prioritize traffic calming projects. Firstly paired
comparison method was employed to obtain residents' opinions about the streets severity
and needs of traffic calming treatment. A binary logistic regression model was developed to
identify the factors of selecting streets for traffic calming. This model also explored the
weight of variables during developing the point ranking system. The weights used in the
point ranking system include vehicle speed, pedestrian generation, sidewalk condition and
hourly vehicle volume per width (m) of street. Results suggest that the severity of street
largely depends on the absence of sidewalks, which has a weight of 45%, and high hourly
vehicle volume of traffic per width (m) of street, which has a weight of 38%. These out-
comes are significant to develop the state of traffic safety in Japan and other Asian
countries.
© 2016 Periodical Offices of Chang'an University. Production and hosting by Elsevier B.V. on
behalf of Owner. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The installation of calming measures on a road network is
systematically planned way to reduce driving speeds, but also
reduces the volume of through traffic on local and residential
streets. With an overall goal to improve the living481; fax: þ880 2 58157097
F. Rahman).
al Offices of Chang'an Un
'an University. Production
se (http://creativecommoenvironment, traffic calming is often defined, sometimes
implicitly, as an integrated intervention strategy that is
applied to a street network. It comprises a series of objectives,
such as street safety, the promotion of active and collective
transport, the reduction of noise and air pollution..
iversity.
and hosting by Elsevier B.V. on behalf of Owner. This is an open
ns.org/licenses/by-nc-nd/4.0/).
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speeds (often to about 30 km/h), and particularly those of the
fastest drivers (Transportation Demand Management
Encyclopedia, 2010). Consequently, strategies that succeed
on this level can reduce the number and severity of
collisions. Calming strategies, by helping create more
complex environments, can induce drivers to pay more
attention and, thus, reduce the number of collisions (Ewing,
2000). The number and severity of collisions tend to increase
with speed (Sergerie et al., 2005), as increasing speed
decreases a driver's field of vision and increases vehicle
stopping distance, two factors that decrease the likelihood of
a driver being able to stop his or her vehicle in time to avoid
a collision, or slow down enough to avoid a serious accident
(Bureau de prevention des accidents, 2008a, b).
Traffic accident has been a serious social problem in to-
day's automobile-dependent society. Due to highly advanced
and sophisticated road traffic system in Japan, the number of
traffic accident fatalities has decreased since 1992, below
falling 5000 people in 2008. In 2013, the country recorded 4373
fatalities (Cabinet Office, Government of Japan, 2014).
However, the number of fatalities during walking and
bicycling has not been decreased notably whereas that of
motor vehicle occupants has decreased significantly.
Especially, the vulnerable road users (i.e. children under 15
years old and elderly over 65 years old) account for almost a
half of all fatalities during walking and account for over one-
third of all fatalities during bicycling. In addition, almost a
half of the fatalities for age under 15 years and over 65 years
resulted in the traffic accidents at locations are less than
500 m distance from their homes. Statistics of fatalities by
mode of transportation in 2004 showed that 35% pedestrian
accidents took place in residential roads in Japan numbered
780 persons (International Association of Traffic and Safety
Sciences (IATSS), 2007). 2051 pedestrian accidents took place
in 2005, which accounted for 32% of all traffic fatalities
(IATSS, 2007). The number of people killed or injured while
riding bicycles in 2012 was 131,762, accounting about 16% of
all traffic accident casualties in Japan. Furthermore,
considering the condition and nature of casualties in 2012, it
was observed that 186,466 children and young people (aged
24 or younger) and 115,155 seniors (aged 65 or older) were
killed or injured, accounting for about 36% of all casualties
(IATSS, 2014). Traffic calming can significantly reduce
accident risk, specifically for pedestrians and cyclists
(Department for Transport, 1996). Therefore, it is
increasingly important to promote more and more traffic
calming on community streets in Japan, where the concept
started in the early 1980s with the instigation of “Road-Pia”.
The practice was intended to reduce vehicle speeds and
pedestrian conflicts. This complimented efforts from the
police and local governments (Rahman et al., 2005).
Although Japan has installed different types of traffic
calming devices, the process to decide which community
should be considered first haven't been organized yet
because of a shortage of budget. No prioritization system in
Japan has been developed to rank the projects for scheduling
either. The rationale of this research is to develop a point
ranking system for prioritizing traffic calming projects tofunction as a basis for introducing in Japan and other
communities where this process is currently unavailable.
In the case of a limited project budget or multiple and
competing requests, a city needs funding priority. In other
words, when the needs for traffic calming go beyond city re-
sources, there is a need to prioritize it. If cost of all traffic
calming projects ready for construction funding exceeds the
amount of funding available, the projects need to be priori-
tized (Delaware Department of Transportation, 2012). The aim
of prioritizing projects is to deal with the similar traffic
problems equally with the efficient use of city resources.
Common neighborhood traffic issues include high speed
and/or high volume of traffic. Hence these criteria are
weighted heavier in the ranking. The process involves
assignment of points or scores to the problems encountered
in a specific location using some basic elements in the
evaluation process (Allingham and Gary, 1996).
Paired comparisonmethodwas employed by Rahman et al.
(2015) to rank streets for traffic calming based on their
severity. The authors further extended the research to
develop a point ranking system for project prioritization. In
order to prevent traffic accidents and enhance the safety of
traffic events, there is a particular need to take steps to
ensure safety for all road users, including pedestrians,
cyclists, and drivers.2. Literature review
The concept of traffic calming encompasses efforts to design a
new neighborhoods street network in so that traffic volume
and speed are minimized. Hummel et al. (2002), traced its
origin to 1928, with the experimental design of a calmed
neighborhood in Radburn in the United States.
Traffic accidents occur as a result of unsafe acts by agents
of traffic behaviors in the form of pedestrians, cyclists, and/or
drivers. In other words, people, coupled with a defective, un-
desirable traffic environment, cause accidents. Traffic calm-
ing is a method to control traffic so that its negative impacts
on residents and pedestrians are minimized. Reducing traffic
speeds and volumes can reduce the severity of vehicle
crashes, particularly those involving pedestrians and bi-
cyclists (Zein et al., 1997). Zein et al. (1997) observed that traffic
calming reduced collision frequency by 40%, vehicle
insurance claims by 38%, and fatalities from one to zero. If
traffic safety measures are introduced, drivers are more
likely to drive carefully and give way to other street users. In
areas where 20 miles per hour (mph) zones are established,
the number of collisions has decreased and the number of
injured children, either walking or bicycling, has been
reduced by 67% (Victoria Transport Policy Institute, 2008).
Traffic calming can effectively reduce vehicle speeds and
thereby ensure safety for pedestrians and cyclists. Severity
of pedestrian injuries caused by vehicle collisions increases
with the square of the vehicle speed (Thurstone, 1927).
Fatality risk increases with the speed of vehicle to the fourth
power. A 1% reduction in the speed of a vehicle involved in a
collision provides. A 2% reduction in the risk of injuries and
a 4% reduction in the risk of fatalities (Stuster and Coffman,
Table 1 e Project ranking system for city of Northampton, MA, USA (TPC, 2008).
Criteria Point Basis for point assignment
Volume Up to 5 1 point for each 1000 vehicles per day.
Speeding Up to 10 Using measured 85th percentile speed, ½ point for each mile per hour
starting at 10 mph over the speed limit.
Crashes Up to 10 1 point for each crash per year based on the three-year average.
Sidewalks Up to 10 50 points if roadway has been programmed for DPW resurfacing,
rehabilitation, or reconstruction in the next 5 years.
Planned D.P.W. roadwork 50 5 points assigned for each public facility (such as parks, community
centers, and high schools) or commercial use that generates a significant
number of pedestrians.
Pedestrian activity Up to 10 1 point for every 20% of households within the impacted area that sign the
Northampton Traffic Calming application.
Neighborhood support Up to 5 1 point for every 20% of households within the impacted area that sign the
Northampton Traffic Calming application.
Pace car participation Up to 5 1 point for every 20% of households that participate in the Northampton
Pace Car Program.
Alternative funding Up to 50 1 point for every $2500 funded by source other than City of Northampton
(up to $50,000); full 50 points for 100% funding.
Waiting list Up to 5 1 point for each year on the waiting list.
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e3353261998). The probability of a pedestrian being killed in an
accident is 3.5% if the vehicle is traveling at 15 mph, 37% if
the vehicle is traveling at 31 mph and 83% if the vehicle is
traveling at 44 mph (Limpert, 1994). Lower vehicle speeds
reduce the likelihood of crashes and the degree of damage
that may result (Leaf and Preusser, 1998). Therefore traffic
calming can significantly reduce the crash risk, particularly
for pedestrians and cyclists (Victoria Transport Policy
Institute, 2008).
Traffic calming of an intersection, road or area can have
the effect (intended or unintended) on diverting traffic toward
other roads or sectors of a city, which bears the risk of simply
displacing the problems being addressed. Area-wide traffic
calming strategies, in particular, often explicitly aim to redi-
rect a portion of traffic on local streets toward the arterial
network (Gagnon and Bellefleur, 2011). Thus the traffic volume
in local areas can be reduced. Rahman et al. (2005) in Japan
justified the efficiency of traffic calming measures on the
basis of promoting pedestrian safety, and the reduction of
noise and local air pollution. They highlighted the need to
include design features of traffic calming measures to
broaden traffic engineering. The study showed that traffic
calming measures reduce vehicle speed and volume, reduce
accident frequency and severity, protect neighborhood areas
from the unwanted through traffic and ensure road safety
for all users, especially pedestrians and cyclists.
This research is the first attempt to rank traffic calming
projects in Asian communities. This study primarily uses
paired comparison to prioritize traffic calming projects. Paired
comparison uses binary choice, in which respondents are
presented with pairs selected from an item set and instructed
to select their preference. The method's simplicity includes
the benefits of paired comparisons to use for comparative
judgments. Because of their versatility, the methods of paired
comparison and rankings are used in a wide range of studies.
Some applications (Albert and Ulf, 2005) include visual paired
comparison studies involving young children (Olivier et al.,
2002; Turati and Simion, 2002; Younger and Furrer, 2003),
rankings of risk perceptions (Florig et al., 2001; Morgan et al.,2001), food characteristics (Oakes and Slotterback, 2002), and
clinical services (Hazell et al., 2002).
2.1. Priority examples
Since most neighborhood traffic problems involve high
vehicle speed and volume, these criteria are weighted heavier
in the ranking. Rahman et al. (2007) showed that traffic
calming projects are prioritized in several ways: point
scoring system, engineering judgments, combination of both
point scoring system and engineering judgments, first come
first serve basis and lottery. Guegan et al. (2000)
demonstrated that projects that were affected by issues that
could not be quantified in a point scoring system would be
ranked more suitably by the analytic hierarchy process
(AHP). Project ranking system for city of Northampton
(Transportation and Parking Commission (TPC), 2008) is
based on point scoring. Points are assigned for projects on
the basis of criteria listed in Table 1.
For eligible traffic calming requests, Delaware Department
advances the project to design and construction in accordance
with the established procedures outlined in their traffic
calming manual. Should the number of projects exceeds the
state and federal funding available for traffic calming projects,
the department then rate all eligible traffic calming projects,
and, on a fiscal year basis, rank them for funding priority.
Rankings are based on the order in which the projects were
received, as well as the functional classification, traffic vol-
ume, crash and speed data, and potential cost (Delaware
Department of Transportation, 2012).3. Methodology
The aim of this research is to develop a point ranking sys-
tem to prioritize traffic calming projects. Initially, paired
comparison (PC) method is applied to obtain respondent's
preference of streets requiring traffic calming treatment.
Binary logit model is employed to obtain each variable's
Table 2 e Design stages for paired comparison experiment.
Stage Description
1. Attribute selection Selection of relevant street safety attributes is done through questionnaire
surveys, literature review and expert interviews.
2. Assignment of attribute levels After identifying the attributes, the range of each attribute was determined
through questionnaire surveys, literature review and expert interviews.
3. Choice of experimental design Fractional factorial design was used to combine the attribute levels into a
number of alternative street circumstances to be presented to
respondents.
4. Construction of choice sets The profiles identified by the experimental design were then paired into
choice sets to be presented to respondents.
5. Measurement of preferences Three techniques are applied to measure the respondent preferences: data
representation, visual illustration, and video exhibition.
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e335 327weight in the point ranking system. The PC method gener-
ated an individual respondent's preference order among
items of a choice set. The items are presented in pairs and
each respondent was asked to choose one item from each
pair. “Item” refers to individual residential streets selected
for PC experiment. Residential streets in Japan have a lot of
variations in geometry for example some have sidewalks in
one direction, some have sidewalks in two directions, some
have sidewalks without guardrails, some have very speedy
traffics while some have low speedy traffic. Two pilot
studies were conducted followed by a complete survey for
the PC experiment. The following sections include a brief
explanation of the paired comparison experiment and its
attributes, data collection, model estimation results and
conclusion.Table 3 e L9 orthogonal array (Taguchi orthogonal array
selector).
Experiment
no.
Vehicle
speed
Vehicular
volume/width
(per unit time)
Side walk
condition
1 High High Absent
2 High Medium Present on one side
3 High Low Present on both sides
4 Medium High Present on one side
5 Medium Medium Present on both sides
6 Medium Low Absent
7 Low High Present on both sides
8 Low Medium Absent
9 Low Low Present on one side3.1. Paired comparison method
In a paired comparison experiment, respondents are pre-
sented with pairs selected from an item set and instructed to
select the preferred item from each pair. With n items, there
are n ¼ n (n  1)/2 pairs of items. A presentation of the pairs in
this order may result in strong carry-over effects. To control
these effects, it is important to randomize the presentation
order, as well as the order of items within each pair (Bock and
Jones, 1968). For each respondent, the full set of choices yields
a preference score for each item, which is the number of times
the respondent prefers the item in the set. Preference scores
are the simplest form of scale values for the items. These
scores are easily calculated with the creation of a t by t
matrix where “1” is entered in each cell when the column
item is preferred to the row item and “0” is entered
otherwise. Column sums give the preference scores. The
preference score is mathematically stated as
ac ¼
Xt
r¼1
arc
where the cell score, either 0 or 1, for a given row (r) and col-
umn (c). The row sum is
ar ¼
Xt
c¼1
arc ¼ ðt 1Þ  ac
Row sums are a mirror image of column sums. A re-
spondent's vector of preference scores describes theindividual's preference order among the items in the choice
set, with larger integers indicating more preferred items.
Table 2 represents different design stages for paired
comparison (PC) experiment. The first stage involves
identifying relevant attributes of the street safety concerns.
In order to find out the major attributes and their levels on
road safety hazards, literature review, questionnaire surveys
and interviews with professional experts were conducted.
From this possible attribute range, the second stage of
assigning the levels of each attribute was considered. The
third and fourth stages of designing the paired comparison
experiment involve selecting and grouping different
attributes and levels.3.2. Attributes contributing to the safety on residential
streets
Analyses showed that several factors affect the safety of the
pedestrians and cyclists on residential streets. Three factors/
attributes are identified in influencing pedestrian safety: (a)
vehicle speed, (b) vehicle volume per width of street (per unit
time), and (c) side walk condition. Some residential streets in
Japan are very narrow hence vehicle volume is considered
corresponding to the street width. Side walk condition refers
whether sidewalk is present or not. This research considers
sidewalk if guardrail is present. A major risk to the quality of
life is excessive speeds on residential streets creating
dangerous environment in neighborhoods. It is a threat to life
and property. Excessive speed results increased noise,
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J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e335328vibration and environmental pollution. Excessive traffic vol-
ume promotes unsafe driving behaviors, and diminished
livability on a neighborhood street. Sidewalks play an impor-
tant role in transportation, as they provide safe paths for
people to walk along which are separated from the motorized
traffic. A lack of sidewalks creates hazards for bicyclists and
pedestrians.
3.3. Experimental design of streets with traffic calming
treatments
This study considers three factors with three levels, and thus,
the number of possible profiles is 27 (i.e., 3 3 3). A complete
factorial design uses all 27 profiles in the survey, which is
undesirably difficult for respondents to evaluate and make
decisions. So, a fractional factorial design is used. It is a
sample of attribute levels selected from a full factorial design
without losing information to effectively examine the effects
of attributes on respondent's preference. The orthogonal
array, shown in Table 3, is the most commonly used method(a) 
item 1 2 3 4 5 6 7 8 9 
1 - 2 1 1 2 0 0 2 0 
2 17 - 1 1 3 11 2 6 0 
3 18 18 - 13 12 19 10 14 5 
4 18 18 6 - 6 16 5 10 2 
5 17 16 7 13 - 18 11 11 6 
6 19 8 0 3 1 - 3 2 0 
7 19 17 9 14 8 16 - 15 8 
8 17 13 5 9 8 17 4 - 3 
9 19 19 14 17 13 19 11 16 - 
sum 144 111 43 71 53 116 46 76 24 
(b) 
item 1 2 3 4 5 6 7 8 9 
1 - 2 0 0 0 1 0 0 0 
2 17 - 0 3 2 11 2 7 0 
3 19 19 - 15 13 18 14 14 11 
4 19 16 4 - 4 15 9 9 5 
5 19 17 6 15 - 16 10 10 5 
6 18 8 1 4 3 - 2 2 1 
7 19 17 7 6 13 15 13 13 7 
8 19 12 5 10 8 17 - - 2 
9 19 19 8 14 14 18 17 17 - 
sum 149 110 31 77 57 111 45 72 31 
(c) 
item 1 2 3 4 5 6 7 8 9 
1 - 1 0 1 1 5 2 1 1 
2 12 - 1 14 1 8 3 2 2 
3 13 12 - 11 9 12 13 7 9 
4 12 9 2 - 5 8 4 2 3 
5 12 12 4 8 - 11 11 3 6 
6 8 5 1 5 2 - 3 1 0 
7 11 10 0 9 2 10 - 3 3 
8 12 11 6 11 10 12 10 - 6 
9 12 11 4 10 7 13 10 6 - 
sum 92 71 18 59 37 79 56 25 30 
Fig. 1 e Aggregate choice matrix for pilot Study 2 with
different methods. (a) Method 1. (b) Method 2. (c) Method 3.
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e335 329of constructing a fractional factorial design. Taguchi
orthogonal array selector was employed for this purpose.
Residential streets selected for the PC experiment con-
sisted low, medium and high vehicle speeds. Low, medium
and high speed streets have average peak hour speed below
25 km/h, 25e35 km/h, and 35 km/h respectively. Low,medium
and high volume streets have average peak hour traffic vol-
umes below 150 vehicles/h, between 150 and 300 vehicles/h,
and above 300 vehicles/h, respectively. Sidewalks are
considered when they have guardrail. Nine streets were
selected for the PC experiment, which complements the
conditions of Table 3.3.4. Pilot studies to prioritize traffic calming projects
3.4.1. Data collection for the first pilot study
Data collection was conducted in peak morning hours for
traffic speed, traffic volume, street width, and sidewalk con-
ditions of nine streets. Table 4 shows the locations of streets
considered for traffic calming treatments. Survey
participants were recruited from Saitama University, Japan.
The first pilot study was carried out for nine residential
streets in Saitama Prefecture, Japan, by the students of Design
and Planning of Traffic/Transportation Engineering Labora-
tory on January 26th, 2009 and on February 20th, 2009. All nine
roads were photographed and video recorded from the same
angle and distance, near the curb. Paired comparisons were
carried out with power point presentation and respondents
were provided with printed copies of the slides. Three
methods were employed for data representation during the
experiment.
i) Method 1: Display of street information. Vehicle speed,
vehicle volume, street width and sidewalk condition
were provided for the PC experiment.Table 5 e Priority of streets for pilot Study 1.
Priority ranking 1 2 3
Method 1 Street number 1 8 2
Score 87 83 68
Method 2 Street number 1 8 2
Score 89 76 69
Method 3 Street number 4 8 1
Score 89 82 65
Table 6 e Fractional factorial design for attributes.
Experiment no. Vehicle speed Vehicular volume/width (per
1 High High
2 High Medium
3 High Low
4 Medium High
5 Medium Medium
6 Medium Low
7 Low High
8 Low Medium
9 Low Lowii) Method 2: Visual illustration with street information.
Vehicle speed, vehicle volume, street width, sidewalk
condition and photograph of each street were
provided.
iii) Method 3: Presentation of videowith street information.
Video of each street along with vehicle speed, vehicle
volume, street width, and sidewalk condition were
provided for the PC experiment.
The order of the paired comparisons was randomized in
each method. Viewers were shown a series of paired slides of
roads, with 36 pairs in all. Slides were paired randomly to
avoid the possibility of surveyor order effect. Viewers were
asked to choose the road from each pair at which they would
prefer traffic calming device based on severity.
The response matrices from all respondents were sum-
med for an aggregate choice matrix, or frequency matrix.
Fig. 1 shows the frequency matrices of the respondents that
each judged all possible pairs of 9 attributes, with 36 pairs
total. Column sum provides the aggregate preference
scores for the sample, specifying the number of times.
Each item (i.e., street no.) was chosen across all paired
comparisons.
Result shows that the number of inconsistency is highest
in Method 3. Then the number of inconsistent data is found to
be second highest in Method 2 and lowest in Method 1. Table 5
shows the priority of streets for traffic calming according to
the severity of street. This is obtained from the aggregate
choice matrix shown in Fig. 1. The result shows that street
No.1, street No.8, street No.2 and street No.4 respectively
obtained the priority of 1st, 2nd, 3rd, and 4th in Method 1
and Method 2. Street No.4, street No.8, street No.1 and street
No.2 got the respective priority of 1st, 2nd, 3rd, and 4th in
Method 3.
After evaluating the existing traffic situation, street No.8
is not as unsafe as street No.1, which has high speed of4 5 6 7 8 9
4 6 9 5 3 7
67 50 26 23 19 9
4 6 3 5 9 7
60 51 31 27 16 13
2 6 9 5 3 7
60 45 40 27 19 5
unit time) Pedestrian generation Presence of side walk
High Absent
Medium Present on one side
Low Present on both sides
Medium Present on both sides
Low Absent
High Present on one side
Low Present on one side
High Present on both sides
Medium Absent
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J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e335330vehicle with long intersection length. Street No.1 has a high
speed with a vehicle volume of 230/h and clear width of
5.4 m and street No.8 has a low vehicle speed with a vehicle
volume of 145/h and clear width 4.4 m. During the paired
comparison experiment, most of the inconsistency occurred
in the last slide where the respondents were asked to
choose the dangerous street from street No.1 and street
No.8. Hence Method 1 (display of street information) and
Method 2 (visual illustration with street information) are
suitable during data representation of traffic calming pro-
jects prioritization. Method 3 using the presentation of
video with street information is not appropriate for the
prioritization of traffic calming projects. This is because the
respondents are much more influenced by the dangerous
behaviors of pedestrians and cyclists than the actual safety
concerns of the streets.
3.4.2. Data collection for the second pilot study
The feedback from the pilot questionnaire Design 1 led to
the revision in the survey questionnaire. The new attribute
added to the second pilot study is pedestrian generation
condition. Pedestrian generation refers to the location
which generates lot of pedestrians, such as school, college,
hospital, etc. For the second pilot study, four attributes with
three levels each were considered. The new attribute also
have three levels of high, medium and low pedestrian gen-
eration conditions. This is done by considering the direct or
indirect connectivity of the pedestrian generation to the
street.
All four attributes with three levels each result 81
(3  3  3  3) possible profiles. A complete factorial design
would use all the 81 profiles for the survey, which is unde-
sirably difficult for respondents to evaluate. So a fractional
factorial design was designed by the orthogonal array shown
in Table 6.
The second pilot experiment was carried out on May 7th,
2009 and May 15th, 2009 by the students of Design and Plan-
ning of Traffic/Transportation Engineering Laboratory of Sai-
tama University, Japan. Students used a paired comparison
technique to report their evaluation of the nine selected
streets. The paired comparisonswere carried out with a Power
Point presentation and the printed copies of the slides were
provided to the respondents.
Table 7 shows the locations of the streets considered for
paired comparison experiment. Data collection was
conducted for the traffic speed, traffic volume, street width,
and pedestrian generation conditions on peak morning
hours. Nine streets were selected, which complemented the
attributes shown in Table 6.
An aggregate choice matrix or frequency matrix was ob-
tained by summing the response matrices of all respondents.
Table 8 shows the aggregate choice matrix yielding priority of
streets for traffic calming. From the results, it can be seen that
street No.1, street No.6, and street No.2 have the respective
priority of 1st, 2nd and 3rd in Method 1, Method 2, and in
Method 3. The results show that number of inconsistent
data is highest in Method 3 followed by Method 1 and
Method 2. Hence Method 2 using Visual illustration with
street information is most suitable for data representation of
PC experiment.
Table 8 e Priority of streets for pilot Study 2.
Priority ranking 1 2 3 4 5 6 7 8 9
Method 1 Street number 1 6 2 8 4 5 7 3 9
Score 144 116 111 76 71 53 46 43 24
Method 2 Street number 1 6 2 4 8 5 7 3 9
Score 149 111 110 77 72 57 45 31 31
Method 3 Street number 1 6 2 4 7 5 9 8 3
Score 92 79 71 59 56 37 30 25 18
Fig. 2 e Example of data representation for paired comparison experiment by Method 2. (a) Street No.7. (b) Street No.8. (c)
Street No.1. (d) Street No.5.
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e335 3314. Complete survey for paired comparison
experiment
Sample size for the full survey was 72 as suggested by Brown
and Peterson (2003). Students from Saitama University were
recruited to participate in the paired comparison
experiment. Three sessions were conducted starting from
May 13th to May 15th, 2009. On an average 24 respondents
joined in each session. Upon completion of the survey, the
respondents were provided with remuneration. The full
survey was conducted by using Method 2 for data
representation as inferred by the second pilot study. The
complete survey was conducted for the same locations as
the second pilot study with different respondents.4.1. Example of data representation for paired
comparison experiment (Method 2)
In the paired comparison experiment, the respondents were
asked “which of these two streets would you choose for treat-
ment first by traffic calming?” They had to choose one from
each pair. Fig. 2 shows the examples of data representation for
paired comparison experiment using Method 2.4.2. Analysis and results
The response matrices of all respondents are summed to
provide an aggregate choice matrix for the sample. Fig. 3
shows the frequency matrix resulting from the respondents'
Table 10 e Binary logistic regression model.
Variable Coefficient Standard
err.
b/
st.err.
P
[jZj>z]
SpVeh1 (High
vehicle speed)
0.4670 0.177 2.625 0.008
SpVeh2 (Medium
vehicle speed)
0.1690 0.152 1.118 0.263
PedGen1 (High
pedestrian
generation)
0.4410 0.119 3.706 0.000
SpVeh3 (Low
pedestrian
generation)
0.2230 0.154 1.449 0.147
SdWalk1 (Sidewalk
is absent)
1.5040 0.106 14.202 0.000
SdWalk3 (Sidewalk
present in two
directions)
0.7820 0.089 8.705 0.121
VehVolm1 (High
vehicle volume/
width (m) of
street/hour)
1.8150 0.145 12.452 0.000
VehVolm2 1.4170 0.195 7.264 0.000
item 1 2 3 4 5 6 7 8 9 
1 - 24 2 9 5 3 2 2 2 
2 69 - 3 23 5 48 8 30 3 
3 71 69 - 62 57 66 59 58 40 
4 64 50 11 - 20 52 18 32 18 
5 68 68 16 53 - 64 39 47 27 
6 70 25 7 21 9 - 8 15 5 
7 71 65 14 55 34 64 - 44 29 
8 71 43 15 41 26 58 29 - 6 
9 71 70 33 56 45 68 44 67 - 
sum 555 394 101 320 201 423 207 295 130 
Fig. 3 e Aggregate choice matrix for full survey.
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e335332judgments for all 36 pairs. The figure specifies the number of
times, each street was chosen across all paired comparisons
done by the respondents.
Table 9 shows the priority of streets for traffic calming for
full survey. From the results, it is seen that street No.1,
street No.6, street No.2 and street No.4 were respectively
ranked as 1st, 2nd, 3rd, and 4th respectively which confirms
the result of pilot Study 2.Table 11 e Point ranking system for traffic calming
projects.
Attributes contributing to
the safety of residential
streets
Weight
(%)
Points
1. Vehicle speed 7 7 High vehicle speed
4 Medium vehicle speed
2 Low vehicle speed
2. Pedestrian generation 10 10 High
5 Medium
3 Low
(Medium
vehicle volume/
width (m) of
street/hour)
A_A 0.1044 0.104 1.002 0.3164.3. Binary logistic regression modelemodel estimation
Regression models have played a significant function in
transportation modeling in the last few decades. These
models are used to provide a detailed illustration of the
complex aspects of the transportation demand, based on the
strong theoretical justifications. These models are statistical
techniques that describe choices made by people among a
finite set of alternatives involving choices between two or
more discrete alternatives. Discrete choice models have been
used to examine preferences such as the choice of car to buy
(Train, 1986; Train and Winston, 2007), where to go to college
(Fuller et al., 1982), and whichmode of transport (e.g., car, bus,
rail) to take to work (Train, 1978). Discrete choice models are
also used by energy forecasters and policymakers for
households' and firms' choice of heating system, appliance
efficiency levels, and fuel efficiency level of vehicles (Goett
et al., 2002; Revelt and Train, 1998). A binary logistic
regression model is employed in this research to explore the
attributes based on streets selection for traffic calming
treatment as there are two dependent variables. The model
is used to predict binary dependent variables by treating the
dependent variable as the outcome of a Bernoulli trial.
4.3.1. Factors influencing the priority of street
A discrete choice logistic regression model explores the sig-
nificance of variables during the selection of streets for traffic
calming. The model parameter estimates are provided in
Table 10. The model coefficients have very small p-values,
which are far lower than 0.05. This means the independentTable 9 e Priority of streets for full survey.
Priority ranking 1 2 3 4 5 6 7 8 9
Street number 1 6 2 4 8 7 5 9 3
Score 555 423 394 320 295 207 201 130 101variables make a considerable difference in predicting the
choice of streets. An R2 goodness of fit statistic of the model
has a value of 0.32, which shows that the model is fitted. It
is a statistic that is between zero and one. This
measurement would be quite small in a model that includes
numerous precisely measured and highly significant
coefficients (Wooldridge, 2002). The value of the chi-square
distribution with 7 degrees of freedom is 991.6195.
A street's lack of sidewalk enhances the probability that
the street will be selected for traffic calming. A street with
high hourly vehicle volume per width (m) of street also in-
creases the likelihood of respondents' choice. High vehicle3. Sidewalk condition 45 45 Absent
31 Present in one direction
17 Present in both directions
4. Hourly vehicle volume per
width (m) of street
38 38 High
32 Medium
16 Low
Total 100
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e335 333speed will enhance the possibility of being chosen for traffic
calming treatment. The higher the pedestrian generation of
the street is, the more likely the respondents will choose it.
A street with medium vehicle speed decreases the proba-
bility of being chosen. In addition, the low pedestrian gen-
eration and presence of sidewalk in both directions of street
may decrease the probability of being chosen. The value of
beta standard error (b/st.err.) or t statistics is greater than
1.96 (significant in 5% level) for majority of the variables.
Results demonstrate that the absence of a sidewalk is the
most significant variable in the street being selected for
traffic calming. The variables with the next topmost
importance for selection are high vehicle volume per width
(m) of street per hour, high pedestrian generation, and high
vehicle speed.
4.4. Point ranking system
As there is a lack of funds, there is a necessity to rank the
streets according to their severity to solve the street issues.
Streets are scheduled for traffic calming according to the
ranking system. Rahman et al. (2015) developed a traffic
calming prioritization process by paired comparison
method. The aim is to order/rank the streets according to
their severity of distress. The point scoring system shown in
Table 11 is developed from the discrete choice logistic
regression model.
The weights used in the point ranking system include
vehicle speed (7%), pedestrian generation (10%), sidewalk
condition (45%), and hourly vehicle volume per width (m) of
street (38%). Results suggest that the severity of street largely
depends on the absence of sidewalks, which has a weight of
45% and high hourly vehicle volume of traffic per width (m)
of street, which weights 38%. Points were assigned for the
nine selected streets using the point ranking system. Finally,
four highly ranked streets are considered the candidates for
traffic calming. Table 12 describes the street ranking (1st,
2nd, 3rd and 4th) based on the point scoring. The
prioritization of the streets obtained from the point
ranking system also confirms the results of the paired
comparison method.Table 12 e Street ranking.
Attributes contributing to the safety of residential streets
Vehicle speed 7
4
2
Pedestrian generation 1
5
2
Sidewalk condition 4
3
1
Hourly vehicle volume per width (m) of street 3
3
1
Total points for each street
Priority of streets5. Conclusions
The most important step in the traffic calming decision
making process is selecting the right project choices, partic-
ularly, choosing which projects to fund. Demands for traffic
calmingmeasuresmay become high enough tomanage by the
city efficiently, which has created the need for a standard
prioritization process. This process involves conditions to
rank projects based on their relative importance in attaining
the safety in residential streets. Thus, the process should
highlight the main safety concerns of any street. Recently,
guiding principles to publicize traffic calming prioritization
are drawing attention from the perspectives of road safety and
the policy issues as an accepted and realistic solution to traffic
problems that the neighborhoods face.
The most commonly used method to quickly capture
project preferences is point scoring. Each project is assigned
points, with the number of points assigned indicating the
project priority. To produce a priority ranking system, the
points/scores assigned to projects should represent judg-
ments about the worth of a project for the resources
required. This study initially used the paired comparison
method to report the respondent preference about the
street which they felt were unsafe and in need of traffic
calming.
Dominant risk on residential streets is excessive speed
creating an unsafe environment in neighborhoods. Excessive
traffic volume results diminished livability along neighbor-
hood streets. Traffic speed and volume related issues also
affect street safety, especially if there is a lack of sidewalks,
which creates hazards for pedestrians and bicyclists. The
feedback on pedestrian safety factors were considered for the
questionnaire survey. Eligible comprehensive traffic calming
projects should be prioritized for the implementation based
upon the severity of the traffic conditions by taking into ac-
count the following cumulative traffic impacts, such as
vehicle speed, pedestrian generation, sidewalk condition, and
hourly vehicle volume per width (m) of street.
The factors used to select streets for traffic calming treat-
ment were revealed by a binary logistic regressionmodel. ThePoints Streets
A B C D
High 7 4 7 4
Medium
Low
0 High 10 5 10 5
Medium
Low
5 Absent 45 45 31 31
1 Present in one direction
7 Present in both directions
8 High 38 32 32 38
2 Medium
6 Low
100 86 80 78
1st 2nd 3rd 4th
J. Traffic Transp. Eng. (Engl. Ed.) 2016; 3 (4): 324e335334model coefficients have very small p-value, meaning that the
independent variables make a significant difference in pre-
dicting the selection of streets. A street with high vehicle
speed enhances its probability of being chosen for traffic
calming. Respondent also chooses the street if pedestrian
generation is high. Nonexistence of sidewalk increases the
probability of respondent for choosing the street for traffic
calming. Medium vehicle speed decreases that probability. In
addition, the low pedestrian generation and presence of
sidewalk in both directions of street may decrease the prob-
ability. The higher the hourly vehicle volume per width (m) of
street is, the more frequent the respondent choice is. The re-
sults show that absence of sidewalk is the most important
variable for the selection of street.
The weights used in the point ranking system include
vehicle speed, pedestrian generation, sidewalk condition and
hourly vehicle volume per width (m) of street. Results sug-
gested that severity of street largely depended on the absence
of sidewalks, which has a weight of 45% and high hourly
vehicle volume of traffic per width (m) of street, which has
weight of 38%. The priority of the streets obtained from the
point ranking system also confirmed the results of the paired
comparison method.
Decision makers should examine the scores to ensure that
they are sensible while being adequately aware of the issues
to defend the scores for ranking system. The organization of
ranking process allows projects to be judged based on their
relative importance in enhancing the safety of and livability
along residential streets. The ranking system developed in
this research highlights the main safety issues of any street.
Ordering or ranking projects based on their priority is
currently not a process used in Japan to organize or deal with
it. The results are important to improve the traffic safety sit-
uations in Japan and other Asian countries. A scoring scale
usedwith definitions associatedwith each score is used in this
research, and the method can be effective to planners and
decision makers when prioritizing a list of transportation
projects.
Further investigation is essential to continue this research.
Specifically, detailed studies regarding the variety of road
environments and attributes should be considered.r e f e r e n c e s
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